To determine the most critical symptoms in a national myotonic dystrophy type 1 (DM1) population and to identify the modifying factors that have the greatest effect on the severity of these symptoms.
Myotonic dystrophy type 1 (DM1) is a multisystem disorder caused by an unstable trinucleotide repeat expansion on chromosome 19q13.3 in the DMPK gene. [1] [2] [3] The core features of DM1 are myotonia, weakness, and early-onset cataracts (Ͻ50 years of age). Along with these core features, patients commonly report symptoms related to cognition, gastrointestinal function, sleep, fatigue, mood, ability to swallow, vision, social relations, and physical function. 4 The effect of each symptom on health-related quality of life is unknown. Furthermore, given the multisystem manifestations of DM1, we hypothesize that there are additional underrecognized symptoms that are important to patients and have a critical effect on their health status. 5 There is a need to identify the symptoms that are most important to patients as a means to improve studies of disease burden and therapeutic response. 6 -9 Interest in patient-relevant manifestations stems not only from patients and clinicians but also from insurers, government agencies, researchers, policymakers, and home care providers. 10 -12 In addition, the Food and Drug Administration (FDA) has established patient-centered, patient-validated, and patientreported metrics as part of its criteria for drug approval and labeling. 6, 13 In preparation for the development of acceptable disease-specific patient-centered DM1 metrics, it is necessary to first determine what is most significant to the DM1 population.
In an effort to define the patient-reported disease burden in DM1, here we use data from patient interviews and a large national crosssectional study of DM1-affected participants to determine the symptoms and themes most prevalent and important to this population.
METHODS Study participants. Inclusion criteria included 1) age of 21 years or older and 2) diagnosis of DM1 by genetic or clinical criteria. 14, 15 Patients with congenital or juvenile myotonic dystrophy were not included in this study.
Study design. Phase 1: DM1 qualitative interviews.
We conducted interviews with 20 participants with DM1 who had various levels of disability. Using open-ended questions, we asked participants to identify the symptoms of DM1 that have the greatest effect on their lives. All interviews were audiorecorded, transcribed, coded, and analyzed using a qualitative framework technique, triangulation, and 3-investigator consensus approach. 16 Three investigators with extensive clinical experience in DM1 independently and conjunctly analyzed all qualitative data. Recurring similar quotes among the interviewees were used to identify potentially relevant symptoms. Common symptoms were categorized into symptomatic themes (concepts representing a group of like symptoms) of DM1 health. Last, in accordance with the World Health Organization's framework of health, each theme was categorized as a physical, mental, social, or disease-specific component of DM1 health.
Phase 2: National cross-sectional study. In phase 2, we used a large cross-sectional sample of participants with DM1 from the National Registry of Myotonic Dystrophy and Facioscapulohumeral Muscular Dystrophy Patients and Family Members (a national registry designed to advance research and knowledge of myotonic dystrophy and facioscapulohumeral muscular dystrophy [FSHD] through the enrolment of patients and assistance of researchers; http://www.urmc.rochester.edu/ nihregistry/). 17 We included each potential symptom of importance identified through phase 1 in a paper survey. When possible, the survey included the exact wording and description of symptoms obtained from participants in phase 1. For each individual symptom the survey inquired, How much does the following impact your life now? Participants were provided a 6-point Likert-type scale to record their responses. Likert scale options consisted of the following: 1 ϭ I don't experience this; 2 ϭ I experience this but it does not affect my life; 3 ϭ It affects my life a little; 4 ϭ It affects my life moderately; 5 ϭ It affects my life very much; and 6 ϭ It affects my life severely. Participants also provided demographic information and were asked to list any symptoms not otherwise included in the survey.
Eligible participants were mailed a recruitment/information letter, one survey, and instructions on how to complete the sur-vey in April 2010. Surveys were collected until August 2010. There were 2 available surveys. Each survey included identical demographic and theme questions, whereas the questions regarding individual symptoms were divided between the 2 surveys to minimize participant burden. We randomly allocated each subject meeting the selection criteria to 1 of the 2 surveys. We provided patients with DM1 who have severe hand weakness, visual problems, or reading difficulty with the option to complete their survey by phone. A flow diagram summarizing the activities and analyses of phases 1 and 2 is provided in figure 1 .
Standard protocol approvals, registrations, and patient consents. All aspects of these studies were approved by the University of Rochester Institutional Review Board.
Statistical analysis. The prevalence of each symptom and theme was calculated in our phase 2 sample. Average life impact scores (a metric with a range from 0 to 4 that measures the relative importance of a symptom to a participant) for each symptom and theme were determined. Numerical values were assigned to each response as follows: 0 ϭ the patient experiences the issue, but it does not impact the patient's life; 1 ϭ the issue impacts the patient's life a little; 2 ϭ the issue impacts the patient's life moderately; 3 ϭ the issue impacts the patient's life very much; and, 4 ϭ the issue impacts the patient's life severely. Average life impact scores for each symptom and theme were generated based on the responses of all participants who stated that they experienced the symptom or theme. The possible range for these scores is 0 to 4 with a higher number representing a symptom that has a greater effect on patients' lives. In addition, a population impact score (frequency that an issue was experienced multiplied by the average life impact score of an issue) was calculated for each item. The possible range for this score is also 0 to 4 with a value of 4 representing a symptom that affects all patients at the highest level. Finally, composite prevalence scores and composite impact scores were computed by averaging participant responses across all themes.
Responses were further categorized based on 1) age, 2) gender, 3) CTG repeat length, and 4) duration of symptoms, each with predetermined group categorization cut points. We obtained descriptive statistics for the prevalence and impact score of each theme for the entire sample and for each subgroup. We used Fisher exact tests to compare the prevalence of each theme across the different subgroups. 18 We used Kruskal-Wallis tests to compare the distributions of relative impact scores for each theme, composite prevalence scores, and composite impact scores across the different subgroups. 19 RESULTS Phase 1: DM1 qualitative interviews. We obtained 1,165 direct DM1 quotes through qualitative interviews of 20 patients with DM1. No invited participant refused to participate in phase 1. Recurring similar quotes were grouped to identify the 221 most important symptoms and 14 most critical themes to this population (table e-1 on the Neurology ® Web site at www.neurology.org).
Phase 2: National cross-sectional study. We sent surveys to 530 eligible patients with DM1. Of these, 278 (52%) replied, addressing the relative importance and frequency of each of the symptoms and themes identified in phase 1; 135 completed survey 1 and 143 completed survey 2. The questions repre-sented by each survey are provided in table e-1. Participants represented 43 different states. Details regarding the demographic information of the respondents are provided in table 1.
Prevalence of DM1 themes and symptoms. The most frequently occurring themes were 1) Problems with hands or arms (93.5%), 2) Fatigue (90.8%), 3) Myotonia (90.3%), and 4) Impaired sleep or daytime sleepiness (87.9%).
Details regarding each theme's prevalence in the total study sample and by age and gender are provided in table 2. Details regarding each theme's prevalence by subgroup are provided in table e-2. A listing of all 221 symptoms (and their relative prevalence) is provided in table e-1.
Among the 221 symptoms evaluated individually, 6 symptoms were reported in more than 90% of the respondents. These symptoms were decreased energy (92%), daytime sleepiness (91.5%), hand myotonia (91.4%), hand weakness (91%), difficulty opening jars or bottles (91%), and tired muscles (90.7%) (table e-1).
Among themes, there were differences in prevalence among various subgroups (table e-2). Duration of symptoms was associated with a higher prevalence of Limitations with mobility or walking ( p ϭ 0.01) and an Inability to do activities ( p ϭ 0.02). CTG repeat length was associated with a higher prevalence of Problems with hands or arms ( p ϭ 0.04) and Emotional issues ( p ϭ 0.05). Aging was associated with a higher prevalence of Fatigue ( p Ͻ 0.01), Limitations with mobility or walking ( p Ͻ 0.01), Inability to do activities ( p Ͻ 0.01), Decreased satisfaction in social situations ( p Ͻ 0.01), Decreased performance in social situations ( p ϭ 0.01), Impaired sleep or daytime sleepiness ( p ϭ 0.02), Emotional issues ( p ϭ 0.04), Problems with hands or arms ( p ϭ 0.04), Problems with physical health ( p ϭ 0.05), and Problems with vision, hearing, or smell ( p ϭ 0.05). The prevalence of themes was similar between sexes with 2 exceptions: a higher prevalence of Gastrointestinal issues in women with DM1 ( p ϭ 0.01) and a higher prevalence of Communication difficulties in men with DM1 ( p Ͻ 0.01). There was a relationship between increased age and the average composite prevalence across all themes ( p Ͻ 0.01). The greatest interval increase occurred between the 21-to 30-year-old group (53.8% average composite prevalence) and the 31-to 40year-old group (76.5%). The most marked increase in prevalence of any specific theme in the subgroup analyses was seen with Limitations with mobility or walking. Between the 21-to 30-year-old age group and the 31-to 40-year-old age group, the prevalence of this manifestation rose from 33.3% to 82.7% (table 2). The associations between the prevalence of the individual themes and age groups are illustrated in figure 2. Details regarding each theme's average life impact score in the total study sample and by subgroup are provided in table e-2. Details regarding the average impact score of each of the 221 symptoms are provided in table e-1.
Among the 221 individually evaluated symptoms, the following had the highest average life impact scores: difficulty having children (3.37), difficulty staying in a standing position (3.00), inability to do things that you used to do (2.81), and lack of job because of disability (2.80) (table e-1).
Among themes, there were differences in the average impact scores among various subgroups (table e-2). Duration of symptoms was associated with the burden of Problems with physical health ( p ϭ 0.04). The average life impact score associated with Myotonia worsened with longer CTG repeat length ( p ϭ 0.02). Similarly, age was associated with worsening average life impact scores in the following themes: Decreased performance in social situations ( p ϭ 0.02), Communication difficulties ( p ϭ 0.03), and Limitations with mobility or walking ( p ϭ 0.04). Compared with women with DM1, men with DM1 reported a greater effect on their lives due to Problems with hands or arms ( p ϭ 0.01) and Communication difficulties ( p ϭ 0.05) (table 2).
The average composite burden from all themes increased with greater CTG repeat length ( p Ͻ 0.01). The greatest increase in average composite impact score was seen between the groups with 251-500 and 501-750 CTG repeat length with an increase from 1.70 to 2.10. The relationships between the average life impact scores of all individual themes and CTG repeat length are seen in figure 3 . Age was not associated with a consistent increase in composite impact score.
Population impact scores. The 3 themes with the greatest population impact scores were Fatigue (2.26), Problems with hands or arms (2.12), and Limitations with mobility or walking (2.06) (table e-1).
The symptoms with the greatest population impact scores were difficulty opening jars or bottles (2.42), difficulty staying in a standing position (2.34), inability to do things that you used to DISCUSSION DM1 is one of the most variable hereditary human disorders in terms of its range of clinical manifestations, severity of illness, and age at onset. 20, 21 Despite the diversity and variable severity of its symptoms, our study demonstrates the feasibility of determining which aspects of the disease are most significant to affected individuals. This study fills an important gap in the present literature. It supplies information that is needed worldwide by groups who are planning clinical trials. It directly addresses a key question that is frequently asked by researchers, clinicians, industry, and regulatory agencies: what features of the illness are most important to affected individuals? This work also provides the base data necessary to develop future disease-specific, patientrelevant outcome measures for this population. Patient Reported Impact of Symptoms in Myotonic Dystrophy Type 1 (PRISM-1) builds on previous studies of disease burden in DM1 that were limited by small sample sizes, restricted geographical range, or marginal patient input. [22] [23] [24] This study shows that there are specific manifestations and symptoms that have both a common and significant effect on lives of patients with DM1. These patientidentified symptoms represent the key physical, mental, and social features of DM1 disease burden. In addition, our findings indicate the rate at which the prevalence and importance of symptoms change by patient age, duration of symptoms, and number of CTG repeats.
In this study we focused on the patient's point of view instead of prior medical reviews or opinion. 24 Researchers have previously shown that noncarrier perceptions of the disability and impairment in DM1 correlate poorly with actual patient views. 25 We determined the prevalence and severity of each DM1 symptom and theme using direct patient input. This is in response to the FDA and the patientoriented research community who state that research of this type should ideally be patient-centric and antipaternalistic. 13, 26 The emphasis of PRISM-1 on the patient's perspective strongly enhances the content validity of the data; however, we recognize that this approach may deemphasize certain manifestations that are below patients' conscious awareness, such as asymptomatic respiratory or cardiac disease. Ultimately, correlation studies may determine the relative sensitivity of patient-reported data to traditional functional assessments in detecting subtle DM1 disease progression.
This patient-centered research demonstrates that the most prevalent (or well described) manifestations in a population are not always the manifestations that have the greatest effect on patients' lives. The medical literature does not generally report fatigue as the primary symptom of DM1; however, participants reported this symptom as having the greatest overall effect. It is likely that fatigue also has indirect effects on other key issues in DM1, such as employment status and interpersonal relations. It should be noted that "fatigue" may represent many additional issues in DM1 including tired muscles, decreased energy, prolonged recovery after exercise, daytime sleepiness, depression, impaired sexual function, problems with concentration, and decreased motivation. Interestingly, none of these issues in isolation had a population impact score as high as that for Fatigue during this study.
In some cases, there was dissociation between the prevalence of a theme and its relative importance. Whereas Problems with hands or arms had the highest theme prevalence, it did not have the highest impact score. Limitations with mobility or walking only had the sixth highest theme prevalence; however, of the patients who reported this issue, it had the second highest effect on their lives. Similarly, difficulty having children had the highest impact score of any item; however, only a relatively small portion (34.2%) of participants, consisting mainly of women, stated that they experienced this issue. Although this question was initially intended to address fertility issues, it is possible that participants instead viewed it in other terms.
The increase in composite prevalence and impact scores between the 21-to 30-year-old age group and the 31-to 40-year-old age group raises the possibility that the effect of major disease manifestations in DM1 does not progress linearly with age and that there is a period of accelerated disease progression in DM1. If confirmed in a longitudinal study, this information may provide a valuable counseling tool to be used with patients in a clinical setting and identify a critical therapeutic window in DM1.
The average composite impact score over all themes increased with CTG repeat length. Although this finding supports the often debated theory that DM1 disease severity is related to a patient's CTG repeat length, there are probably many additional genetic and environmental factors that contribute to DM1 disease severity. [27] [28] [29] A notable observation was that the effect of the disease (as measured by the average composite impact score over all themes) did not universally in-crease with age despite increases in the prevalence of themes. This phenomenon may be due to additional unmeasured factors (e.g., experience, coping, improved social networks, or improved financial status) that help lessen the burden of disease as age increases. Another possible explanation is a survivor effect (a type of sampling bias in which an older group of participants may be healthier than the general population of people with the disease) or other sampling bias. It is possible that sicker participants with DM1 who were older were less likely to participate in the survey (or may even have failed to survive past the age of 60), leaving a healthier subset of older participants with DM1. Another possibility is that this group represents a late-onset and relatively asymptomatic subgroup of patients with DM1 who came to diagnosis through family studies and not necessarily through progression of their own disease.
The effect of DM1 manifestations is not markedly different between women and men. Although women with DM1 did have a higher prevalence of Gastrointestinal issues and men with DM1 more frequently reported Communication difficulties, these differences may be present in the general population and are not necessarily specific to DM1. 30 The limitations of this study are similar to those of any cross-sectional study evaluating a rare disease that progresses over time. Although the registry used represents a wide range of ages and geographic locations, this sample does not perfectly represent the DM1 population. In addition, not every eligible patient from the registry participated in this research. To this end, there is the potential for sampling bias that could affect the generalizability of our results. Our study sample probably overrepresents patients with DM1 who seek medical attention, are interested in medical research, are less affected, and have the means, cognitive abilities, and physical function necessary to take part in research. Because participants did not report medication use, it is also possible that our sample underreported symptoms related to treated manifestations of DM1 (such as participants receiving antimyotonia therapy or stimulants for excessive daytime sleepiness).
PRISM-1 demonstrates that through rigorous qualitative and quantitative methods it is possible to obtain a patient-centered description of the most common and relevant aspects of disease burden in DM1, including the discovery of manifestations that were not as well recognized before. Systematic efforts like this may be fruitful in many other diseases. Ultimately, the information gained from this study can be used to 1) better understand the multiple systemic involvement of DM1, 2) demonstrate how DM1 disease varies with time and accordingly to CTG repeat length, and 3) better equip researchers and clinicians with the ability to identify, study, and focus on the manifestations that are most important to those affected by DM1.
